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I. Introduct ion 

. 

The program of  research carr ied o u t  during the  period Ju ly ,  1959 

t o  December, 1963 under NASA contract  MSw-66 was  d i rec ted  toward the  

s tudy  of r te l lar  rpectrophotometry i n  the  vacuum ultraviolet .  The e a r l y  

phases of t h i s  work were directed toward the  design of a s m a l l  300-pound 

satel l i te  for Ultraviolet spectrophotometric measurements. This study 

provided the  basis for the  design of a l a r g e r  Wisconsin experimental 

package f o r  tire Orbi t ing Astronomical uoservatory. i n  the course of t h i s  

work laboratory instrumentation w a s  developed f o r  t e s t i n g  and c a l i b r a t i n g  

vacuum UV optical equipment and f o r  the  f ab r i ca t ion  of UV in te r fe rence  

f i l t e r s  and m i r r o r  coatings.  The la t te r  phases of the  research ca r r i ed  out  

under t h i s  con t r ac t  included the design and construct ion of a s t a b l e  p l a t -  

form for use in the X-15 rocket  plane i n  order  to conduct u l t rav io le t  

measurements wi th  the aircraft. During the  course of  t h i s  research seve ra l  

t h e o r e t i c a l  s t u d i e s  were undertaken. These programs are dercr ibed i n  

greater d e t a i l  i n  the following sect ions.  

11. Study Report 

1. F e a s i b i l i t y  s tudy o f  an u l t r a v i o l e t  spectrophotometric satell i te:  

The f e a s i b i l i t y  s tudy was  i n i t i a t e d  by de l inea t ing  the  var ious s tudy areas 

and by starting a program of laboratory work. 

energy d i s t r ibu t ion8  i n  the  u l t r a v i o l e t  were ca r r i ed  o u t  by A. D. Code 

Inves t iga t ions  of stellar 

and the  r e s u l t 8  of t h i s  s tudy were published i n  a paper e n t i t l e d  "S te l l a r  

Astronomy From a Space Vehicle". A tabula t ion  based on "Model S t e l l a r  

Atmospheres of t he  Ultraviolet Magnitudes of  the Br ightes t  Stars"  was  con- 

ducted by P h i l i p  Solomon. This compilation appeared as a Space Astronomy 

Laboratory report and was  incorporated i n  Mr. Solomon's master's t h e s i s  for 

t he  Universi ty  of  Wisconsin i n  1960. A s tudy of  the  poss ib le  spectral l i n e s  
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i n  t he  W and inf ra red  i n  d i f fuse  nebulae, p lane tary  nebulae and i n t e r -  

s tellar space was ca r r i ed  out  by Professors  I). E. Osterbrock and A. D. 

Code. 

paper. C. R. O ' D e l l  conducted a study of  t he  e f f e c t s  of l i b r a t i o n s  on 

t h e  satellite's 

s t a b i l i z a t i o n  was ca r r i ed  o u t  by Mr. Duane A. W i l l i a m s .  

A p a r t  of theae r e a u l t ~  i a  contained i n  the previoualy mentioned 

s t a b i l i t y  and an extensive inves t iga t ion  of temperature 

I). A. W i l l i a m ' s  

reparc an " T e m p r r ~ t ~ r ~  C ~ ~ + , r c t ,  ~f ZL? Earth SzttZIite", S=FCszbci, 1959, 

provided considerable in s igh t  i n t o  t he  thermal problems t o  be encountered 

i n  the  design of an astronomical satellite. 

Schraeder conducted s tudiee  of  the r e f l e c t i v i t y  of  sur faces  i n  the  u l t r a -  

Martin Burkhead and D. J. 

violet and Donald J. Taylor invest igated the  e l ec t ron ic  c i r c u i t r y  employed 

i n  the  University of  Wisconsin meteorological satell i tes and c a r r i e d  o u t  

a ciaplete design for the control  e l e c t r o n i c s  and associated signal-handling 

e l e c t r o n i c s  i n  a four-color W photometer satell i te.  During t h i s  period 

labora tory  work wau conducted on t he  s o l a r  aspec t  cells t o  be used i n  

providing infoxmation on satellite or ien ta t ion .  A remote slewing con t ro l  

s tudy  was  conducted and a prototype i n e r t i a l  wheel slewing system was 

operated on the  end of a %-foot to r s ion  pendulum. Laboratory inves t iga t ions  

were a160 nude of theqmration of the  yo-yo type i n e r t i a l  unloading devise. 

During t h i s  period of t i m e  our  f i r s t  vacuum test system was  constructed.  

The r e 8 u l t a  of these s t u d i e s  led to  a preliminary design of a four-color 

UV satellite. D r d n g s  o f  both the  s t r u c t u r e  and e l ec t ron ic s  f o r  t h i s  

simple 300-pound eatall i te were completed arid submitted to NASA f o r  con- 

s idera t ion .  The background gained i n  t h i s  sttidy was indispensable when 

our  emphasis v u  turned towards the OAO concept. 
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2. s tud ie s  r e s u l t i n g  i n  the proposal f o r  the  Wiscorerin Experimental 
Package i n  the Orbi t ing Astronomical Observatory: As a r e s u l t  of the  i n i t i a l  

s t u d i e s  described above, the Univert i ty  of Wisconsin Space Astronomy . 

Laboratory prepared an experiment desc r tp t ion  o u t l i n e -  f o r  an  u l t r a v i o l e t  

photometer s u i t a b l e  f o r  uae i n  t h e  Orbi t ing Astronomical Observatory. 

OAO experiment descr ip t ion  ou t l ine  was prepared by D r s ,  T. E. Xouck, J. F. 

X c N d . 1  and A. D. Code and submitted to NASA i n  February, 1961. The document 

described the rcicntffic beckgromd czd eqxr inrcnt  ~ b j e c t i w ~  o d  the dctafls 

of the  hardware and ruggested mode of da t a  processing. On the  b a s i s  of t h i s  

document an Indus t r i e s  Conference was  ca l l ed  i n  whiCh the nature  of  the 

Wisconsin experhat was described. 

spec i f i ca t ions  were prepared and b ids  so l i c i t ed .  A t  t he  t i m e  o f  s e l e c t i o n  

of  t he  subcontractor,  Cook Research Labs of the  Cook Electric Company, the 

OAO program was divorced from the research contreetNAsv-66 and placed under 

t h e  con t r ac t  NASS-1348 w i t h  t h e  Goddard Space F l i g h t  Center. 

This 

Following t h i s  presenta t ion  de ta i l ed  

3. Ultraviolet In te r fe rence  F i l t e r  Fabrication: It was recognized 

t h a t  f i l t e r  photometry i n  the  ultraviolet would requi re  the  s tudy and 

development of s u i t a b l e  f i l ters  m d  de tec to r s  to isolate the  re levant  

s p e c t r a l  region*. 

f i l t e r s  f o r  t h e  vacuum u l t r a v i o l e t ,  we undertook the  f ab r i ca t ion  of such 

f i l t e r s  ourselves. For t h i s  purpose a vacium evaporator was  constructed 

which would provide means of accurately monitoring the  thickness  of coat ings 

dur iag  the  evaporation and permit con t ro l  of rhut te rs ' and  motien of  sample 

wheel. i n  the  vacuum, 

of computer p rogrm for in te r fe rence  f i l t e r s ,  f ab r i ca t ion  of UV i n t e r f e rence  

Since no commercial f i rm was  manufacturing in t e r f e rence  

This vacuum evaporator wa8 completed and on the  bas i s  
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f i l t e r s  was undertaken by Dr. Daniel  J. Schroeder. The technique is 

described i n  Dr .  Schroeder's publ icat ion i n  t h e  Journal  of the  Optical  

Society of America. We have fabricated a l l  of the  necessary f i l t e r s  

f o r  the Wisconsin Experimental Package i n  the  OAO ae  w e l l  as providing 

filter8 f o r  8 number of o the r  f l i g h t  experiments both wi th in  our group 

and f o r  others .  

Sp8ct F l i g h t  Center and the  University of Arizona f o r  laboratory invee t i -  

In addi t ion  f i l t e r r  have been provided f o r  the Goddard 

a t i o n  and f l i g h t  packages. 

4. Vacuum Calibration: In  order  t o  select de tec to r s  fo r  the  u l t r a -  

v i o l e t  and t o  provide f o r  energy c a l i b r a t i o n  of complete W o p t i c a l  eystems 

a vacuum c a l i b r a t i o n  tank w a s  constructed t h a t  incorporated a 12-inch 

r e f l e c t i n g  col l imator  and s u f f i c i e n t  volume t o  accomodate any of the individ-  

u a l  telercapcs o r  optical modules contemplated i n  o u r  OAO program, X-15 

program 8nd rocket  program. 

xaeano of a Jarrel l -Ash vacuum monochromator coupled t o  the  12-inch col l imator .  - 
The monochromatic f lux  i n  the  collimated beam was ca l ib ra t ed  by means of 

de tec to r s  which i n  turn  were ca l ibra ted  by reference t o  tungsten ribbon 

The monochromatic l i g h t  source was provided by 

f i lament  lamps and a fundamental platinum black body. Th i s  vacuum col l imator  

'. and c a l i b r a t i o n  tank t n o  used for  the  c a l i b r a t i o n  of t h e  OAO Wisconsin 

experiment and f o r  X-15 8nd Aerobee rocket  modules. 

i o  completely deacribed i n  the  Space Astronomy Laboratory repor t  by Daniel 

Schroeder. D i f f i c u l t i e s  were encountered in obtaining a uniform collimated 

beam. 

The c a l i b r a t i o n  f a c i l i t y  

The pr inc ipa l  oource of d i f f i c u l t y  was  i n  the  monochromator and we 

have oincc deoigned a more aa t i s f ac to ry  ca l ibza t ion  tank f a c i l i t y .  
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5. Research With the X-15 Rocket Plane: I n  v i e w  of the contra- 

d i c t o r y  da ta  t h a t  had been obtained on the energy d i s t r i b u t i o n  of s t a r s  

i n  the u l t r a v i o l e t  prior t o  1960 the University of Wisconsin Space 

Astronomy Laboratory suggested u t i l i z i n g  the  manned X- I5  rocket plane 

f o r  obtaining photographs of  se lec ted  regions of  the sky in the u l t r a -  

violet. 

a s a f f i c i e n t l y  d i f f e r e n t  b a s i s  for  the determination of e ~ e l ' r e r  czczgy 

d i s t r i b u t i o n  t o  he lp  i n  resolving the  contradict ions.  

desc r ip t ion  of the  s c i e n t i f i c  object ives  and experimental technique to 

be employed wi th  the  X-15 was contained in the  Space Astronomy Laboratory 

report on S t e l l a r  Astronany From High Al t i tude  A i r c r a f t  prepared by A. D. 

Code and T. E. Houck. 

consis ted of a photoe lec t r ic  survey of the daytime sky br ightness  i n  the 

u l t r a v i o l e t .  This was ca r r i ed  out by replacing one of the  bug-eye movie 

cameras i n  the  X-15 with a photoe lec t r ic  photometer incorporat ing a band 

The use of photographic techniques i t  was thought would provide 

A r a t h e r  complete 

The f i r s t  s t e p  i n  a f l i g h t  program wi th  the  X-15 

pass  i n  the normal photographic region and a band pass a t  about 2500 

Angstroms where the  maximum ozone absorption occurs. 

was to  determine whether or not it was poss ib le  to see br igh t  stars i n  

the  u l t r a v i o l e t  aga ins t  the  daytime sky background a t  X-15 a l t i t u d e .  

f l i g h t 8  were obtained with t h i s  unguided sky br ightness  photometer, a 

desc r ip t ion  of which is contained i n  the SAL repor t  of March 24, 1962, 

"The X-15 Bug-Eye Photometer" by W i l l i a m  N. Reining. 

d a t a  i n  the  photographic region were u t i l i z e d  by Northrop A i r c r a f t ' s  

The p r inc ipa l  ob jec t ive  

Five ', 

The experimental 

Nortronics Division as p a r t  of a study on the dayl ight  aky f o r  star t r acke r  

purposes and are described i n  Northrop Nortronics Report a t  the  n in th  

National IRIS Symposium, Dallas, May 8, 1963, "High.Altitude Sky Luminance 

nCaourement'@, by W. M. Clark and 8. A. Muldoon. The u l t r a v i o l e t  d a t a  
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has been discussed by Dr. Martin Burkhead and formed a p a r t  of h i s  Ph.D. 

t h e s i s  a t  the  University of Wisconsin. The r e s u l t s  of t h i s  study suggested 

the  b r igh te r  .tars could be observed a t  a l t i t u d e s  i n  excess of 200,000 

fee t .  

u a l  star f i e l d s  it was necessary t o  design a three-axis s t a b i l i z e d  p l a t -  

fow t o  be mounted i n  the instrument e l eva to r  of the  X-15 a i rplane.  

liminary designs or' S U C ~  a stabie piaiform -were cU~:riet eiit iiz t k  Is%- 

ora tory  along w i t h  s tud ie s  of s a t i s f a c t o r y  design8 f o r  wide-angle camerae 

i n  the  u l t r a v i o l e t .  

S c M d t  cameras corrected f o r  the region between 3,000 and 2,000 Angstrom 

and f ab r i ca t ion  of such cameras was undertaken. 

the  reso lu t ion  of there- cameras is not s u f f i c i e n t  t o  give the con t r a s t  

necrssary between the  star and the  sky background unless a l t i t u d e s  i n  

excesr of  250,000 f e e t  could be achieved. 

I n  order  t o  ca r ry  out  observations of individual  stars and indiwid- 

Pre- 

- 

It was i n i t i a l l y  decided t o  construct  four off-axis  

It later proved t h a t  

I n  order  t o  s t a b i l i z e  and poin t  

t h e  g h b a l e d  platform at a p a r t i c u l a r  star a prototype! #tar t racker  was 

constructed along p r inc ip l e s  suggested by T. E. Houck and A. D. Code. 

Thir 8t8r t r r c b r  uaca 8 ro ta t ing  Polaroid and a fixed-quadrant mosaic 

Polaroid mattrial i n  order  t o  achieve a l a rge  f i e l d  and t racking on the 

photo center  of t h a t  f i e l d .  

con t r ac t  to indus t ry  for deta i led  design and construct ion of a s t a b l e  p l a t -  

form. 

o ra t ion  of-America i n  Milwaukee, Wisconsin f o r  design s tud ie s  of a s t a b l e  

platform. 

a star t r acke r  MY provide an error e igna l  was  completed and ACA was  awarded 

a recond subcontract f o r  construct ion of the  three-axis s t a b i l i z e d  platform 

i n  June, 1961. 

minute of arc an4 of carrying a n  irmtrument load of approximately SO pounds. 

A t  t h i s  s tage  i t  appeared des i r ab le  t o  sub- 

I n  Apr i l  of 1961 a subcontract wasl:awarded t o  Aetronautics Corp- 

The derign of a three-axis gyro s t a b i l i z e d  platform i n  which 

Thi8 platform i n  capable of a point ing accuracy of one 
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ACA was subsequently awarded a prime cont rac t  by NASA f o r  i n t eg ra t ion  

and test and’ f i e l d  services on the  present  platform and the  construc- 

t i o n  of a 8econd t h r e e - u t a  ph t fo rm for the X-15. Additional labora tory  

and c o n 8 t ~ c t i o n  work i n  connection with the  X-15 program were ca r r i ed  

on a t  the  Space Astronomy Laboratory. These included many tests on char- 

acteri8ticr of f i b  in the u l t r a v i o l e t  and c a l i b r a t i o n  of the photometric 

eq i i i pen t .  Thc -onstructic.i o f  the con t ro l  and timing circiifzrjt tz zperste 

t he  cameras war then undertaken. In order  to  provide higher reso lu t ion ,  

design 8 tudier  were ins t iga t ed  fo r  l ens  type cameras and u l t ima te ly  four  

u l t r a v i o l e t  l enses  -re purchased from Barnes Optical. 

X-15 program was t ransfer red  t o  a research grant ,  NSG 618. 

A t  t h i s  po in t  the  

111. Other Studiea 

During the  course of t h e  work described above var ious t h e o r e t i c a l  

i nve r t iga t ions  were undertaken whi&h were d i r e c t l y  r e l a t ed  t o  problems 

of u l t r a v i o l e t  spectroscopy. Ph i l ip  M. Solomon undertook a n  inves t iga t ion .  

of  t he  absorption c o e f f i c i e n t  of quasimolecular hydrogen and extended t h i s  

to  an inves t iga t ion  of the opaci ty  of l i g h t  molecules in astrophysics .  

had been suggested that the  apparent def f ic iency  i n  r ad ia t ion  i n  the u l t r a -  

It 

violet 48 obeerved by rodcets might be due t o  a new source of  opacity.  

Discus8ions by Solanon indicated t h a t  t h i s  was an unl ike ly  explanation. 

The opac i ty  of  l i g h t  molecules i n  as t rophysics  cons t i t u t ed  Mr. Solomon’s 

Ph.D. t h e s i s  completed i n  1964 and a discussion of the  absorpt ion coeff-  

i c i e n t  of quasimolecular hydrogen was published i n  the  Astrophysical 

- -  

Journal.  George U. C o l l i n 8  invest igated the continuous spectrum from 

rap id ly  r o t a t i n g  rtarr and came t o  the  conclusion t h a t  d i f f e r e n t  o r i e n t a t i o n s  

of rap id  rotators can cause la rge  e f f e c t s  in the  u l t r a v i o l e t .  Other 

~ 

~~ -~ - __-__ - ~~ - ~ ~~ - =- - --- -- - - 
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i nves t iga t ions  t h a t  were made possible  by the computing f a c i l i t i e s  

provided by the Space Astronomy Laboratory consis ted of Eugene Cappr io t t i ' s  

i nves t iga t ion  o f  the hydrogen rad ia t ion  spectrum i n  gaeeoue nebulae; 

Harland W. Eppr' discussion of physical models for rap id ly  ro t a t ing  e a r l y  

type starr; and Dr. Robert A. R. Parker 's  paper on the spectrum of the  

nebulae under condi t ions of c o l l i s i o n a l  exc i t a t ion  and ionizat ion.  A l l  

wr" ihe t-epurio aind paperu ihoi kive t e e ~  LefeLreb io iii i X i 6  sectf~i i  C T ~  

l i s t e d  i n  the  publ icat ions l i s t i n g  a t  the end of  t h i s  report .  

IV. F a c i l i t i e s  

The Space Astronomy Laboratory is present ly  housed i n  a rented 

bui ld ing  provided by the  University a t  35 North Park S t r ee t .  The 

firsr temporary o f f i c e s  of the  lab  were located a t  1118 West Johnson 

S t r e e t .  

pexmanent b a s i s  to  our bui lding on Park S t r ee t .  

Later f a c i l i t t e s  were moved t o  S t e r l i n g  Hal l  and then on a 

A de ta i l ed  l i s t i n g  of c a p i t a l  equipment is contained i n  the quar te r ly  

r epor t s  and an inventory of a l l  equipment is maintained by the Universi ty  

Purchasing Department. 

The research programs car r ied  out under t h i s  con t r ac t  have proved 

', to be a very e f f e c t i v e  educational tool. Undergraduate s tudents  have 

been employed on these programs and the  experience they have gained has 

been he lpfu l  i n  t h e i r  later employment. 

s tudents  are now employed by NASA or  i n  the  Aerospace Industry.  

Approximately 15 of these- 

c 

The vacuum system purchased under t h i s  cont rac t  includes two chambers, 

one t o  allow manufacturing of filters and p l a t ing ,  the o t h e r  to  f a c i l i t a t e  

vacuum c a l i b r a t i o n  of o p t i c a l  instruments. A Jarrell-Ash vacuum monochromator 

f o r  use i n  ca l ib r8 t ion  was a l s o  obtained. These f a c i l i t i e s  are present ly  

being used i n  the OAO program. 
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Computing f a c i l i t i e s  have been provided through the r e n t a l  of one- 

t h i r d  of an IBM 1620. 

generated by thtr  pro jec t  were run on these machines. 

Data reduction f o r  m o s t  of the repor t s  and papers 

Alro a g r e a t  dea l  

of t ime-was used by astronomy graduate s tudents  f o r  unsupported research. 

An e l ec t ron ic  l a b  was s t a r t e d  with an oacil loscope, several oscillators, 

and meters, and sundry s m a l l  equipment. E lec t ronic  support  was  provided 

i n  the areas of instrumentation and f l i g h t  hardware; Sevprg1 ~ ~ 6 r r g r s d n a t e  

engtneers were hired and furnished help while gaining knowledge. 

A mechanical shop w a s  es tabl ished which supported both the  e l e c t r o n i c  

and o p t i c a l  areas. Most equipment f o r  the shop was obtained through the 

Universi ty 's  acquir ing surplus  equipment. 
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